Recent developments in mobile and wireless communication technologies have played a vital role in building the u-learning environment that now combines both real-world and digital learning resources. However, learners still require assistance to control real objects and manage the abundance of available materials; otherwise, their mental workload could become so high that learning becomes less effective. The learner is the priority in every learning situation and is, therefore, a crucial factor in executing u-learning. This study presents a u-learning system that integrates context awareness and ontological technology to design a context-aware knowledge map (CAKM) to improve learning efficiency. A case study of an Orchid Island botanical ecosystem course was conducted in classrooms and at the Botanical Garden of National Museum of Natural Science in Taiwan. Participants were university teachers and students. A questionnaire based on the technology acceptance model (TAM) theory was designed and used to measure the willingness for adoption or usage of the proposed system. The results demonstrate that this innovative approach can enhance learning intention. The results also indicate that this CAKM not only substantially improves the effectiveness of subject learning but also enhances the usability of u-learning systems in the museum environment.
Introduction
Current wireless communication, sensors, and mobile technologies provide opportunities for learning strategies by integrating real-world learning environments with the resources of the digital world (Chen & Huang, 2012; Chen & Lin, 2014; Looi et al., 2010; Wang & Wu, 2011) . Context-aware ubiquitous learning (u-learning) has been proposed as an extension of contextual awareness technology. Pegrum, Oakley, and Faulkner (2013) pointed out that u-learning places less emphasis on mobility and contextual independence, and more emphasis on the situated, context-aware learning that mobile devices enable. U-learning is a new learning mode that promotes on-demand, hands-on or minds-on learning, authentic learning, and so on. The development of this learning mode has occurred mainly in the fields of social learning, situated learning, and knowledge building (Looi et al., 2010) . However, authentic learning, or learning by experience, is a pedagogical approach in which students discover, and discuss concepts and relationships, connecting them to the real world in meaningful ways (Donovan, Bransford, & Pellegrino, 1999) . This authentic learning style is defined as a coherent, meaningful, and purposive activity (Brown, Collins, & Duguid, 1989 ). An authentic learning environment must incorporate scaffolds for learners to improve and advance to new levels of development (Roth, 1992) . In addition, the character of u-learning technology provides the benefits of many authentic environments, such as permanency, accessibility, immediacy, interactivity, and the situating of instructional activities (Cheng & Marsic, 2002; Dieterle, 2004) . Thus, the advantages of ulearning are suitable for application during authentic learning activities.
Numerous educational researchers have conducted studies on how to use context-aware computing to build u-learning systems. However, learners still require assistance with controlling real objects and managing the abundance of available materials. Without this assistance, their minds could become overloaded enough to negatively affect their u-learning achievement. Results from research conducted by Firat and Kuzu (2011) show that the current web environment provides great amounts of learning information and diverse chances for information browsing; however, this often leads to disorientation and cognitive overload for users (Firat & Kuzu, 2011) . Cognitive load theory (CLT) supports the idea that effective learning materials lead learners in using cognitive resources on related learning activities to achieve the effects of learning assistance, rather than preliminaries to learning (Chandler & Sweller, 1991) . CLT reveals that how to lead users to effectively utilise cognitive resources on context-aware learning activities is a factor to be considered when constructing u-learning systems. Ubiquitous computing is a model of human-computer interaction that reinforces the use of computers by making many computers useful throughout the real environment, although they remain invisible (El-Bishouty, Ogata, Rahman, & Yano, 2010; Kwon, Choi, & Kim, 2007) . Weiser (1993) also showed the importance of human-computer interaction in building a u-learning environment. From a constructivist perspective, learning is an interactive and constructive process. With the development of technology, the features of web media can support this and provide opportunities for immediate interactions (Sun & Hsu, 2012) . Therefore, developing a u-learning system not only supports learners with innovative technology to address real-world problems but also enables the system to be interactive in its relationship with learners (Chu, Lee, & Tsai, 2010; Hwang, Shi, & Chu, 2011; Yang, Okamoto, & Tseng, 2008) . Pachler, Cook, and Bachmair (2010) showed that authentic learning emphasises the ability to make information meaningful to students. Meaning is the most critical aspect of learning, and cannot be transferred by simply using signs, images, or words (Pachler et al., 2010) . To make a u-learning environment and its teaching resources more meaningful to learners, many educational researchers have applied an ontological approach to build e-learning assistance tools . Chu et al. (2011) showed that the navigation interface of an ontologically based concept map learning system, the abstract of knowledge representation, and dynamic learning content can prevent learners from losing information while searching. This is particularly true for situations involving abundant learning resources, for which learners require detailed knowledge of the mobile complex to complete their tasks. Knowledge represented in graphical form enables learners to overcome this type of problem (Tergan, Gräber, & Neumann, 2006) . Therefore, to organise numerous digital teaching resources or objects while effectively reducing the cognitive overload for learners, adding a semantic web, ontology, and taxonomy to the u-learning system is useful.
As the basis for building a digital learning resource library, this study applied the botany digital archives of Taiwan's most famous museums of natural science and the ontology of botany developed by experts in the botanical domain. A user interface that enables keyword searches has been built by botanical museums in recent years. However, Kalyuga, Ayres, Chandler, and Sweller (2003) noted that learning guidance might be necessary under certain circumstances when the material is being presented to learners with less experience. General users who are not botanists or who do not have background knowledge of botanical classification find it especially difficult to index digital learning resources with a keyword retrieval aid interface. Therefore, this study combined the sensing technologies of radio frequency identification (RFID) to develop a knowledge retrieval aid and graphical interface with situation-sensing ability: a context-aware knowledge map (CAKM). To be specific, the purpose of this research was to utilise the digital resources of botany in combination with the actual learning environments of the arboretum to develop a u-learning system. On one hand, RFID technology will be used to build digital learning with environment sensing to help the learners acquire digital learning resources and enhance their learning motivation while they are in the actual arboretum. On the other hand, it is hoped that the development of a CAKM can lead learners in accessing the digital resources of botany. As a result, the beginners in this field can acquire the digital learning resources they need without prior knowledge of the categories of botany; meanwhile learners have their learning process recorded by the CAKM. The participants of the research are university students who do not major in the domain of botany knowledge so the effects of a CAKM on their learning efficiencies can be studied.
Relevant research
Many studies in recent years have applied context-aware computing technology to developing information services and e-learning. An example is a context-aware mobile portal (CAMP) that involves using contextaware technology to collect user preferences, location, and information about climates (Mandato, Kovacs, Hohl, & Amir-Alikhani, 2002) . Chen, Kao, Sheu, and Chiang (2008) and Yang et al. (2008) applied ucomputing technology to develop a ubiquitous learning environment to connect learners to learning content and learning services seamlessly. Lanir, Kuflik, Wecker, Stock, and Zancanaro (2011) examined proactive and passive context-awareness technologies in a location-aware mobile museum guide. However, the learner's current context must be ascertained for ubiquitous computing to provide timely and accurate learning resources. Chu, Hwang, Tsai, and Tseng (2010) conducted an experiment in a u-learning environment in an elementary school natural science course. Their results show that the learning tasks are more complex for learners in a new learning situation when they must face the dual tasks of searching for real-world and digital-world resources simultaneously without appropriate assistance. In addition, Hwang et al. (2011) showed that m-learning provides the opportunity for combining real-world and digital-world resources, but the resulting performance does not achieve the expected effect without proper tools being used to help learners organise their observations in a real learning environment. To address this problem, Hwang et al. (2011) also proposed an interactive concept-map-oriented approach to support mobile learning. The results of their experiments show that this approach improves not only learning attitudes but also achievement. Therefore, developing a u-learning system not only innovatively helps learners address real-world problems but also enables them to interact with the system. E-learning requires considering new course content, organising content, establishing new resources, and defining new roles for both learners and instructors (Abel et al., 2004) . Therefore, the importance of applying ontologies in e-learning systems has gained more attention recently (Yalcinalp & Gulbahar, 2010) . Ontology is not only a part of the knowledge representation field but also a discipline (Sowa, 2000) . The information technology and artificial intelligence communities have many definitions of ontology, the two most popular being "a formal explicit specification of a shared conceptualization" or "an abstract view of the word we are modelling" (Gruber, 1993, pp. 199-200) . The hierarchical links between entities and other semantic relations can be expressed by applying ontology (Yalcinalp & Gulbahar, 2010) . Educational researchers have proposed numerous learning assistance tools to develop e-learning systems (Aroyo & Dicheva, 2004) . The ontology-based concept map learning system involves using visual navigation through a concept map to facilitate digital learning . Henze, Dolog, and Nejdl (2004) proposed an adaptive educational hypermedia systems framework on the semantic web. Gascueña, Fernández-Caballero, and González (2006) introduced domain ontology to describe learning materials consisting of a course that provides adaptive e-learning environments and shareable educational resources. Most of these studies have applied ontology to the e-learning system. However, studies on how to apply ontology to a context-aware u-learning system in a relatively complex learning environment have been relatively scarce. Therefore, this study attempts to develop a location-aware learning environment with appropriate learning assistance tools for offering learners a more authentic learning experience.
U-learning system architecture
This study applied the botany digital archives of Taiwan's most popular museums of natural science and the ontology of botany developed by experts in the botanical domain as the basis for building a learning resource database. Thus, this study presents a u-learning system that includes the following functions: a SCORM-based learning resources database, a situation-sensing function, a CAKM, a personalised learning profile function, a personalised learning diary, and a blog function to share learning experiences. Figure 1 shows the framework of the u-learning system. 
Designing a CAKM
To enhance the ability of learners to retrieve learning resources in an authentic learning environment, this study presents the design of the knowledge retrieval aid tools. The first step involved converting the botany digital archives into a SCORM-based learning resources database. This study applied the botanical knowledge ontology, based on the botanical taxonomy already established by botanists at the National Museum of Natural Science. The system comprises a botanical knowledge map, built in the form of a hierarchical ontology and encompasses 625 plant knowledge objects of the phylum spermatophyta. The map also includes eight records from the gymnospermae and 617 records from the angiospermae. The taxonomic schematics of the botanical ontology are shown in Figure 2 .
Researchers have been proposing semantic web technologies, ontologies in particular, primarily for improving learning object metadata (Berners-Lee, Hendler, & Lassila, 2001; Gašević, Jovanović, & Devedžić, 2007) . Firat and Kuzu (2011) mentioned in their research on the semantic web that the emerging semantic web has become the solution to cognitive loads for learners indexing mass amounts of digital information. The botany domain ontology used in this study was designed as a semantic web using information technology. The ontology approach proposed by Uschold and Gruninger (1996) was used to construct a knowledge map in five stages: data pre-processing, case knowledge structuring, establishment of a domain concept hierarchy, ontological formalisation, and implementation. The source of the domain ontology learning materials was previously developed by expert botanists and processed using XML and metadata technologies to develop a semantic and graphical knowledge search interface. This was connected to a back-end database and a visual graphical interface knowledge map.
Figure 2. Ontology of the knowledge map

System environments and setting
To perform a context-aware function, the proposed method combines RFID technology and QR code technology to achieve a situation awareness effect. This study used the RFID, which is commonly used in Taiwanese museums, to conduct experimental tests that integrated RFID and ontology. A graphical navigation interface was developed with a situation-sensing function to form a CAKM. An RFIDidentifying function was installed on each target knowledge object at the lowest level in the domain ontology structure and the corresponding RFID tag identifiers were built. The learners first read the identifier tag of the plants using the RFID reader on the mobile device, and then used this as a key to search the corresponding knowledge objects and browse the learning resources. Using RFID readers on mobile devices (such as a PDA or Eee PC) and obtaining learning resources by using a CAKM allows learners to detect the objects to be learned, such as natural plants, in a real environment. Figure 3 shows a typical screen view of the CAKM. In this case, the learners can sense the RFID tag of False Indian Almond and then obtain related information about the plant on the mobile devices. In addition, learners can also understand its hierarchical ontology and which knowledge object has been learned. In this case, the hierarchical ontology of False Indian Almond is spermatophyta, angiospermae, monocotyledons, and neonauclea reticulata, up to down respectively. The equipment used for this experiment are mobile communications devices (Gigabyte Eee PC) equipped with an RFID reader and capable of wireless connection to an learning management system server at a wireless access point set up on the site. The communications devices equipped with an RFID reader are shown in Figure 4 . The learning objects used in the experimental learning process were pre-assigned plants, all with RFID tags. Every subject was given a learning task description and an evaluation questionnaire about the knowledge retrieval aid and user interface. The learning model applied in this experiment was mainly problem based. This means that the subject was asked to find the answer to a question using the knowledge retrieval aid tools. Participants were able to use a knowledge retrieval aid interface to search the content of the knowledge objects in the learning resources database in a problem-based learning process to further complete the learning tasks. 
Evaluation
To evaluate the effectiveness of the CAKM retrieval aid, a series of controlled experiments was conducted to compare the learning achievements and attitudes of participants who participated in a context-aware ulearning activity with a different knowledge retrieval interface. After the experiments were performed, a questionnaire survey was provided to evaluate the effectiveness of the CAKM in improving student learning motivation and effectiveness.
Experimental methods
The experiments were conducted in a real environment in the botanical garden of a museum of natural science. Specific plants were pre-assigned as learning targets in the learning process, and the participants could also use the knowledge retrieval aid provided by a learning system through their hand-held devices using a touch pen stylus. Participants were asked to use the knowledge retrieval aid to investigate the content of the vascular plants learning resources library during the experiment, and to answer the questions that appeared on their mobile device screens. The system automatically recorded the time participants spent on learning and answering, and their answers. These data were sent to the back-end database as records.
Fourteen items in the ease of use and usefulness scale were modified from those of Davis (1989 Davis ( , 1993 to describe the functions and features of interactive knowledge retrieval aids. The questionnaire survey was administered to all students during the final class. A 7-point Likert scale was used for all questions, ranging from 1 (strong disagreement) to 7 (strong agreement). The related variables were tested using the KaiserMeyer-Olkin (KMO) measure of sampling adequacy and the Bartlett test of sphericity. The KMO value test result was 0.898 and, because it is greater than 0.7, there was clear correlation between the variables available for factor analysis. The Bartlett test of sphericity results were also significant. Factor analysis (applying principal component analysis, and excluding items with a loading of less than 0.5) resulted in the identification of three main factors from 14 questions, as seen in Table 2 . These factors were categorised as "intent to use", "usefulness", and "ease of use". The cumulative explained variance of the factors reached 82.788%. (See Table 1 for full questionnaire.) Table 1 The usability evaluation questionnaire Dimensions Item no. The Pearson coefficient determines the relativity of different variables, and is used here to analyze the relationships between usefulness, ease of use, and intent to use with results listed in Table 3 . Based on these results, usefulness is significantly related to ease of use and intent to use. This indicates that, in a ubiquitous learning environment, more useful information can be provided, and thus more users will be willing to use it. In addition, the ease of use is significantly related to intent to use and has higher correlation than usefulness. It means, the easier operation, the higher the intention will be. After the factor analysis and Pearson coefficient analysis, this experiment has suitable validity and can be used to further statistical analysis. Assessments to evaluate the learning effectiveness were designed by participant teachers and updated annually according to instructional requirements. The assessments have superior validity under these conditions. This study used the Cronbach's α coefficient to evaluate the internal consistency reliability of the assessments (Mehrens & Lehmann, 1987) . The Cronbach's α coefficient ranges between 0 and 1. Nunnaly (1978) stated that 0.7 is an acceptable minimal reliability coefficient. In the study, the Cronbach's α value for each factor was above 0.8, and the Cronbach α coefficient value for the overall was greater than 0.9. Therefore, all questionnaires used in this study showed adequate reliability. To increase the validity, the wording and meaning of the questionnaires were reviewed and revised by an e-learning expert. In addition, the revised questionnaires were then pilot tested and were modified according to participants' feedback. A one-way ANOVA test was applied to analyze the answers to the questionnaire, to determine the adoption willingness for the proposed CAKM, and to determine student learning attitudes.
Descriptions of measures
Participants
This study involved the cooperation of the botanical garden of a museum of natural science in Taiwan. The subjects of this experiment were non-botany majors. They were university students, on average 24 years old and randomly assigned into three groups. The participants all wore eyeglasses, and their sight after correction was 0.8 or above; none were colour-blind. Ten participants were assigned at random to each of three experiment groups: the CAKM retrieval group, the knowledge map (KM) retrieval group, and the traditional keyword retrieval group (Keyword). The meaning and difference of these three retrieval aid approaches are described in the following sections.
The CAKM retrieval aid approach can provide a graphical navigation interface with a situation-awareness function developed by the integration of RFID technology and ontology in which a CAKM is used to conduct retrieval from the botany learning resource database. This CAKM provides a graphical search interface developed in accordance with ontological principles. It uses a knowledge map to retrieve data from the botany learning resource database. Using the RFID readers on their handheld devices, participants can collect the information stored on the plant tags. The system automatically locates and marks the node of the knowledge object matching that plant on the knowledge map. Participants can search the learning resource database by clicking on the node, and the system automatically feeds back the contents of the knowledge object requested.
The KM retrieval aid approach can provide a graphical search interface that was developed employing ontological principles, and uses a knowledge map to conduct retrieval from the botany learning resource database. The KM group participants match the plant objects in a real learning environment by manually operating the knowledge map provided by the browsing system to identify the class, family, genus and species of the plant corresponding to the ontological classification structure of the knowledge map. The knowledge object node is found using the ontological classification structure and the learning resource database is searched by manually clicking the node so that the system automatically feeds back the contents of the knowledge object requested.
The keyword retrieval aid (Keyword) approach is the traditional search method employing a keyword menu. Participants search the learning resources database by choosing the class, family, genus and species name of the plant on the menu. Participants find the plants in the real environment to make identification by manually choosing them to search the menu. The system automatically feeds back the contents of the knowledge object corresponding to the keywords chosen by the participant.
Learning activities
Taiwan's botany includes various species that are worthy of study and discussion. In this research, the learning topic was chosen for a course entitled "Orchid Island Botanical Ecosystem." Taiwan's outlying Orchid Island was selected. It was World Heritage listed in 1995 and is home to many unique plants because of its special geographic mountainous environment. The island is the only place in Taiwan where tropical rain forest plants can be seen. It is located on the northern boundary of the Southeast Asia forest system, one of the three biggest rain forests in the world. In addition, there are 26 plant species unique to this island. The learning goals of this course were understanding the natural environment and botanical ecosystem in Orchid Island; understanding the importance of the unique vascular plants of Orchid Island; understanding the relationship between Orchid Island and the South Pacific Ocean religion; and understanding the concept and manner of protecting and promoting the unique vascular plants of Orchid Island. The main learning purpose of this course was to cultivate problem-solving and knowledge construction capabilities of students. Figure 5 shows the chronology of the data collection. In phase 1, the learning activities and processes of these experimental groups were introduced to all learners. Then, all learners were required to operate the RFID devices and become familiar with these wireless technologies. Subsequently, teachers were guided to provide classification knowledge of the botanical species based on the botanical knowledge ontology. They introduced the botanical concepts and species in the Orchid Island. After receiving fundamental knowledge of the plants in the Orchid Island botanical ecosystem, all the learners were asked to complete ten learning subjects on the u-Botanical museum.
Figure 5 . Research chronology
In phase 2, outdoor teaching was conducted in the Botanical Garden of the Museum of Natural Science in Taiwan. The CAKM students were required to observe the features of plants in the u-Botanical museum using the CAKM. The students in the KM and Keyword groups were guided to observe the plants through the KM or Keyword retrieval aid approaches. Subsequently, the CAKM group used PDAs equipped with an RFID reader, with which the CAKM can detect the knowledge ontology of each plant. This provided the students with relevant learning materials as soon as they approached a target plant.
In phase 3, after conducting the outdoor learning activity, learners in the three groups were asked to complete a post-test during these ten learning activities. The evaluation points were learning time and its correct rate. To collect the learning time, the system starts to record soon after the participant has received the question and pressed the confirm button on the interface. Recording continues until the subject answers the question. When the answer is submitted to the system, the end time for that question is automatically recorded. Participants can use the knowledge retrieval aid freely during the process to search for information that will help them to answer questions. The correct learning rate is expressed as the ratio of the number of correctly answered questions to the total number of questions. Finally, the CAKM group was asked to answer a 30-minute questionnaire on the u-Botanical museum. In the last phase, this study designed and used a questionnaire based on the technology acceptance model (TAM) theory to measure the willingness for adoption or usage of the proposed system. The goal of this experiment is to demonstrate how the proposed innovative approach can enhance student learning intention.
Results
A one-way ANOVA was performed on the learning time of the knowledge retrieval aid on each group. The ANOVA results are given in Table 4 , and show that the main effect on each group on the learning time was significant differences (F(2, 14) = 15.380, p = .000, p < .01). The results after multiple analysis show that the CAKM group results (mean = 42.26 sec., SD = 7.858) were significant lower than those of the KM group (mean = 72.14 sec., SD = 16.719) and the Keyword group (mean= 93.24 sec., SD = 17.280) for learning time. The KM group (mean = 72.14 sec., SD = 16.719) and Keyword group (mean = 93.24 sec., SD = 17.280) show no significant difference with respect to the learning time. A one-way ANOVA was performed on the correct learning rate of the knowledge retrieval aid on each group. The ANOVA results are given in Table 5 , and show that the main effect on each group on the correct learning rate had significant differences (F(2, 14) = 4.595, p = .033, p < .05). The result after multiple analysis show that the correct learning rates of the CAKM group (mean = 0.820, SD = 0.130) were significant higher than those of the Keyword group (mean = 0.340, SD = 0.304) on the correct learning rates. The correct learning rates of the CAKM group (mean = 0.820, SD = 0.130) were higher than those of the KM group (mean = 0.500, SD = 0.291). The KM group (mean = 0.500, SD = 0.291) and Keyword group rates (mean = 0.340, SD = 0.34) show no significant difference with respect to the correct learning rate. A one-way ANOVA was performed on the evaluation of the total usability of the knowledge retrieval aid on each group. The ANOVA results are given in Table 6 . The results show that the main effect on each group on the evaluation of total usability value showed significant differences (F(2, 116) = 25.775, p = .000, p < .01). The results after multiple analysis show that the total usability response value of CAKM group was significantly higher than those of the KM and Keyword groups, and KM group was higher than that of the Keyword group. There exist significant differences in all dimensions of usability (see Table 4 ), and the three groups also demonstrate significant differences in the response value of the dimension of the system usability. The response value from the CAKM group was higher than that of the KM and the Keyword groups. In this study, we also used the post-hoc analysis, also known as Tukey HSD (honest significant difference) test, to investigate the relationship among these three TAM dimensions with three learning groups. It was found that the response value of the total usability from the CAKM group was higher than that of the KM and the Keyword groups (see Table 7 ). In addition, the response value of ease of use and intention of use from the KM group was not significant with the Keyword group.
Discussion
In this study, we designed a context-aware learning system and a CAKM for use in a museum's botanical garden. This learning environment integrated technologies such as wireless networks, handheld devices, and RFID tags. This study further applied the botanical knowledge ontology to develop a semantic and graphical knowledge retrieval aid dubbed CAKM. The purpose was to help learners find learning objects (plants) in the actual environment more efficiently. It also combined a context-aware knowledge map to help learners acquire abundant digital learning resources effectively and to reduce the complexity of information during the search for learning materials.
From a cognitive load perspective, adequate presentation of material can not only lower learners' extraneous cognitive load, but it can also help them to concentrate on learning and building basic models (Sweller & Chandler, 1994) . The intrinsic cognitive load can be lowered through the acquisition and implementation of basic models, while the extraneous cognitive load can be lowered through effective teaching design (Sweller, 1994) . When their extraneous cognitive load is lowered, learners are able to increase their germane cognitive loads. When the total of all cognitive loads (intrinsic, extraneous, and germane) is below the load limit for working memory (Van Merriënboer & Sweller, 2005) , learning efficiency can be improved. In addition, Firat and Kuzu (2011) proposed that the semantic web could reduce the cognitive loads of learners indexing large amounts of digital resources. The above-mentioned research findings may support the results of this study. Our experimental results indicate that the learning time of the CAKM group was significantly shorter than those of both the KM group and the Keyword group. Also the correct learning rate of the CAKM group was significantly higher than that of the KM group and the Keyword group. The CAKM group was provided with a context-aware knowledge map interface that can lead learners to search learning materials in both digital and actual environments in more efficient ways. This result can be used as reference for museums to build RFID technology and a semantic knowledge map interface into the u-learning environment.
From a system usability perspective, the experimental results show that subjects believed this system allowed them to easily acquire plant knowledge. Subjects also believed that the system's accessibility features and knowledge map enhanced both their motivation to learn and the effectiveness of their learning experience. They also intended to use the system in the future. The results of this study are consistent with those obtained by Peng et al. (2009) and Chen and Huang (2012) . The subjects of those studies had a positive attitude towards digital learning via a u-learning system. For example, Peng et al. (2009) showed that experts' and students' perceptions of u-learning systems tend to be positive. They believed that such systems could enhance motivation, interactivity, and learning effectiveness. Chen and Huang (2012) also found that most students believed that the u-learning system was easy to use and effective. Their study also showed that the u-learning system can increase students' motivation to learn, improve learning effectiveness, and enhance students' creativity.
The main subjects of this experiment were non-botany majors, that is, students who were unfamiliar with plant taxonomy. When participants used the keyword approach, they tried to search the digital learning resources using the class, family, genus and species name of the plant on the menu. However, due to their lack of better domain knowledge, they encountered difficulties in searching the digital learning materials, and this hindered their learning. This finding is consisting with the research of Chen and Huang (2013) , that prior knowledge is useful for the context of declarative knowledge but not helpful for procedural knowledge. The declarative knowledge represents knowing what a situation is, while the procedural knowledge represents knowing how to carry out a certain task (Zack, 1999) . Therefore, the users in the KM and Keyword groups experienced difficulties in learning materials.
Conclusion
This study used a botany digital resources library to build a teaching resources library, and applied botanical ontology that was developed by expert botanists, to apply RFID-sensing technology in a CAKM with a context-aware function, and also to build a CAKM in a u-learning system. This prototype of a contextaware u-learning system was built in the Botanical Garden of the Museum of Natural Science for experimental purposes. This experimental context was very similar to the actual application context. Therefore, our results can be used as a valuable reference for museums which intend to introduce a ulearning system. This study provided the following research contributions.
First, this study discovered that the learning times of the participants in the CAKM group were considerably lower than those of the KM and Keyword groups. These empirical results show that the knowledge retrieval aid and interface design approach provides a context-aware and ontological knowledge map to improve learning efficiency.
Second, the proposed system provides a CAKM retrieval aid, and the correct learning rate achieved by the participants is substantially higher than that of the KM and Keyword groups, and there is marked difference between the two groups in the correct learning rate. These empirical results show that participants can search related knowledge objects more effectively under the guidance of an ontologically based knowledge map. This also helps participants expand and organise their personal knowledge base more easily, efficiently and meaningfully. For learners who have less domain knowledge, providing context awareness can help them find digital learning materials more efficiently; it is also helpful to offer the taxonomic schematics of the botanical ontology so they can acquire the essential knowledge of botanic categorisation structures. Third, with respect to usability analysis and evaluation, the CAKM retrieval aid group showed a high degree of acceptance on the average response values of the usability variables. In Table 7 , the average usability reaction values of the CAKM retrieval aid group were all more than 5.5 points. The values of the CAKM group participants for the total usability were substantially higher than those of the KM and traditional Keyword groups.
Finally, this finding confirms those of previous studies, indicating that, without effective tools for helping learners organise their observations in a complex, real-world learning environment, learning performance may be disappointing. A review of publications on the use of computer technology to enhance learning activity revealed that many educational researchers have emphasised the importance of using computer technology to support authentic learning activities (Brown et al., 1989; Donovan et al., 1999; Herrington & Oliver, 2000; Hwang et al., 2011; Roth, 1992) . Kommers, Jonassen, and Mayes (1992) also pointed out that, with proper design, technologies can be applied as knowledge construction tools that students learn with, not from. In addition to its knowledge retrieval function, the CAKM built for this study automatically records learner profiles and marks the pertinent knowledge objects on the knowledge map to help learners systematically build personal knowledge. The results conform with relevant viewpoints of other researchers. This result could imply that with an appropriate user interface design and the use of RFID technology, the system can enhance a museum-like learning experience in context-aware and authentic learning activities.
However, this study still has many limitations, and we have recommendations for further research. Several studies have shown that ontology-based learning tools can effectively promote meaningful learning of abstract knowledge and provide a learning path that can help reduce the learners' cognitive load Firat & Kuzu, 2011; Tsai, Tsai, & Hwang, 2011) . However, this research focuses solely on the effect of CAKM on the learning efficiency of test takers. We have not directly researched cognitive load but have been able to set our findings in context. Future experimental studies can be conducted to test how a ulearning system which employs a CAKM retrieval aid compares with the traditional Keyword retrieval aid in terms of its effect on the user's cognitive load. Furthermore, CAKM, the knowledge retrieval interface developed in this study, used semantic web technology to design the taxonomic schematics of the botanical ontology. Learners can search for content topics through this knowledge retrieval interface, allowing them to find relationships between topics. The traditional keyword retrieval interface provides a keyword menu as the search interface. Learners search for content topics by using the back/forward buttons and an index. Although many cognitive styles have been proposed, Pask's holist-serialist approach was very popular and obviously influenced to students' learning (Mampadi, Chen, Ghinea, & Chen, 2011; Pask, 1976) . Ford and Chen (2001) claimed that if learning environments can be matched with the needs of holists or serialists, then learners can have better learning outcomes. However, this study did not investigate whether individual subjects would prefer a different knowledge retrieval interface based on differences in their cognitive styles. Besides cognitive load, cognitive style should be considered in future research.
In addition, Mampadi et al. (2011) pointed out that learning tools would affect users' achievement and attitudes. The statistical results of our study indicate that subjects' perceptions of the usability of the proposed u-learning system tended to be positive. The responses indicate that the subjects of the CAKM group regarded the u-learning system positively with regard to its usefulness and ease of use. In the future, other factors can be considered and evaluated as to whether they can influence the learning attitudes of users and their intention to use the new technologies in the proposed u-learning system. The other TAMs also could be included in the future to enhance the explanatory capacity and comprehensiveness of this study.
This study was limited by the experimental apparatus, including limitations in the number of handheld devices and RFID readers, making it impossible to conduct experiments with a large sample or to observe how learners were affected by the systematic recording of the learning process over the long term. Therefore, we suggest that, in order to obtain more representative results, experiments with a larger sample should be conducted when introducing the system in the future. In addition, long-term observations should be made in order to increase our understanding of how learners are affected by the recording of the learning process.
For internal consistency and reliability, and to avoid bias and ensure the equivalence of these samples, the subjects of this study were all university students who had no background in botany. However, in the future, botany majors or subjects in other age groups should be recruited in order to determine the effects of different knowledge retrieval aids on the learning performance of experimental subjects from different
